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Abstract 
Molecular phylogenetic and traditional morphometric methods were applied to examine six Pal-
aearctic taxa of the taxonomically difficult tachinid fly genus Dinera Robineau-Desvoidy 
(Diptera: Tachinidae), with particular reference to D. carinifrons (Fallén) and D. fuscata Zhang 
and Shima. Results of a phylogenetic analysis based on the mitochondrial markers 12S and 16S 
rDNA and multivariate statistical analyses of 19 morphometric characters were used to delimit 
both species. A lectotype was designated for D. carinifrons to stabilize the nomenclature in the 
group. Dinera carinifrons has a transpalaearctic distribution and is present in Central Europe, es-
pecially in high altitudes of the Alps. It differs from the similar and closely related D. fuscata in 
that it has a slightly larger body size, a dense greyish microtrichosity on the body, and different 
head proportions. Dinera fuscata, as delimited here, is widespread in the Palaearctic region, in-
cluding Europe. Slight differences in both molecular and morphometric characters were found 
between western (Europe and Iran) and eastern (China and Japan) populations of D. fuscata, 
which are interpreted as an intraspecific variation. Differential diagnosis between D. carinifrons 
and D. fuscata is provided in the form of a revised portion of the determination key to the Palae-
arctic Dinera by Zhang and Shima (2006). 
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Introduction 
 
The Tachinidae are generally regarded as a 
relatively recently radiating group of parasi-
toids that may be one of the largest and 
ecologically most important families of Dip-
tera in the world (Stireman et al. 2006; Pape 
and Thompson 2013). The taxonomy of the 
Tachinidae is complicated, and even in well-
studied areas such as Central Europe there are 
open questions necessitating revisions of 
doubtful taxa that may eventually result in the 
description of new species or in new synony-
mies being established (Tschorsnig and 
Herting 1994). 
 
The tachinid genus Dinera Robineau-
Desvoidy (Diptera: Tachinidae) is a repre-
sentative of the subfamily Dexiinae, tribe 
Dexiini (Herting 1984). Based on morpholog-
ical characters, it is closely related to Billaea, 
and differences between these two groups are 
not sharp (Zhang and Shima 2006). Zhang and 
Fu (2012) treated Dinera as differing from 
Billaea in that it has a narrow vertex in males, 
its fronto-orbital plate is bare or sparsely cov-
ered with minute setulae, its fore-tarsi are 
distinctly longer than head height, and its an-
terodorsal setae are irregular in length on the 
hind tibia. Twenty-eight presently known spe-
cies treated in Dinera are mostly restricted to 
the Old World. The genus is apparently miss-
ing in the Neotropical and Australasian 
Regions (O’Hara 2012). Seven species of 
Dinera are known from the Afrotropical Re-
gion (Crosskey 1980), 11 from the Oriental 
Region (Crosskey 1976; Zhang and Shima 
2006; Zhang and Fu 2012), 1 is of Holarctic 
distribution (O’Hara and Wood 2004) and 10 
species are currently known from the Palae-
arctic Region (Zhang and Shima 2006; 
Cerretti 2010; Zhang and Fu 2012). The biol-
ogy of most Dinera spp. is still unknown, but 
at least a few species from Europe and North 
America were reared as solitary parasitoids 
from beetle larvae dwelling in soil, dung, or 
rotten wood (Herting 1960; Arnaud 1978; 
Belshaw 1993). 
 
The taxonomy of some Dinera species still 
needs to be clarified. One of the most prob-
lematic ones is D. carinifrons (Fallén). Ziegler 
and Lange (2001, 2007) pointed out that in the 
European Alps, two taxa, tentatively identified 
as D. carinifrons but probably corresponding 
to two different species, can be distinguished. 
Recently, D. fuscata Zhang and Shima was 
described from China and Japan (Zhang and 
Shima 2006), showing a close relationship to 
D. carinifrons and thus raising a need for a 
revision of the European material. 
 
In our study, molecular sequence data from 
two mitochondrial genes (12S and 16S rDNA) 
were used to examine relationships among 
several Palaearctic Dinera spp. with the aim 
to solve the identities of D. carinifrons and D. 
fuscata. As the two morphotypes discussed by 
Ziegler and Lange (2001, 2007) differ, besides 
other characters, particularly in proportions of 
the head, in addition to molecular phylogenet-
ics, morphometric methods were also applied 
to the same taxa and specimens. Choosing dif-
ferent methods for complementarity in 
taxonomic studies generally increases rigor in 
species delimitation and meets the principles 
of integrative (polyphasic) taxonomy 
(Schlick-Steiner et al. 2010; Muráriková et al. 
2011; Yeates et al. 2011). A combination of 
molecular phylogenetic and morphometric 
analyses enables testing whether the speci-
mens characterized by a shared morphological 
pattern are natural groups and testing or re-
vealing morphological characters useful for 
the diagnosis and identification of these 
groups. Our study on a small, problematic 
group of Dinera may also provide a methodo-
logical example on a way to solve 
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taxonomical problems in other taxa of the 
Tachinidae or other groups of Diptera, includ-
ing those with economic importance, as many 
tachinids are natural enemies of insect agricul-
tural and forest pests that are frequently used 
in biocontrol programs (Grenier 1988; 
Coombs and Sands 2000; Frank et al. 2006). 
A solid taxonomic knowledge of parasitoids is 
generally needed for effective biological con-
trol of their hosts (Smith et al. 2011). 
 
Materials and Methods 
 
Examination of material 
The material examined (Table 1) was mostly 
dry and pinned. Some freshly collected spec-
imens were preserved in ethanol for molecular 
analyses. The material came from the follow-
ing institutions (names of curators in 
parentheses) and private collections: 
 
Private collection of M. Barták, Prague, Czech 
Republic; Private collection of C. Bergström, 
Uppsala, Sweden; Biological Laboratory, 
Kyushu University, Fukuoka, Japan; (H. Shi-
ma); Private collection of E. Lutovinovas, 
Vilnius, Lithuania; Naturhistoriska 
Riksmuseet, Stockholm, Sweden (Y. Brodin); 
Institute of Entomology, Shenyang Normal 
University, Shenyang, China (C.-T. Zhang); 
Private collection of J. Vaňhara, Brno, Czech 
Republic; Museum für Naturkunde, Leibniz 
Institute for Research on Evolution and Bio-
diversity at the Humboldt University, Berlin, 
Germany (J. Ziegler). 
 
The morphological terminology and defini-
tions of many characters used in this paper 
were adopted from Tschorsnig and Herting 
(1994) and Merz and Haenni (2000). 
 
Dinera carinifrons and D. fuscata are treated 
here together as the D. carinifrons species 
complex. This is defined here as follows: ab-
dominal syntergite 1+2 excavated at most to 
2/3 way to posterior margin; normally 3+3 
dorsocentral setae present; costal seta unde-
veloped; relative length of second, third and 
fourth sections of costa approximately as 
1:2:1 and wing cell R5 open; frontal vitta at 
least as wide as fronto-orbital plate at middle 
in both sexes. In this definition, D. carinifrons 
species complex includes only D. carinifrons 
and D. fuscata, whereas other Palaearctic spe-
cies of Dinera seem to be more distantly 
related (Zhang and Shima 2006). The Europe-
an material of D. carinifrons species complex 
has previously been identified and recorded as 
D. carinifrons in literature (Tschorsnig and 
Herting 1994; Cerretti 2010). Following Zieg-
ler and Lange (2001, 2007), two morphotypes 
can be distinguished in European material, 
which we treated for the analyses as: 
 
D. carinifrons A: corresponding to material 
from lowlands to moderate elevations of Eu-
rope and the Middle East, characterized by a 
tessellate greyish white microtrichosity, a 
slightly smaller body size, and particularly by 
the relatively narrower frons and parafacial 
 
D. carinifrons B: corresponding to material 
from higher altitudes of Europe (predominant-
ly the Alps), characterized by a dense 
yellowish grey microtrichosity, slightly larger 
body size, and particularly by the relatively 
broader frons and parafacial 
 
Both morphotypes were represented in our 
material (Table 1). The specimens of D. fusca-
ta from eastern Asia (China and Japan) were 
examined, and they were identified by C.-T. 
Zhang and H. Shima, including paratypes of 
this species. Zhang and Shima (2006) men-
tioned a variation in the colour of the palpus 
for D. fuscata that they treated as intraspecif-
ic. To test a possible taxonomic significance 
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of this character, it was treated separately in 
some of our analyses: 
 
D. fuscata A: corresponding to a form with a 
black or dark brown palpus, represented in the 
examined material by paratypes from the type 
locality in Japan and a few additional speci-
mens from China 
 
D. fuscata B: corresponding to a form with a 
pale (dark yellowish) palpus, represented in 
the examined material by a few specimens 
from China 
 
Three additional species of the genus, D. feri-
na (Fallén), D. grisescens (Fallén), and D. 
xuei Zhang and Shima, were also included in 
both phylogenetic and morphometric analyses. 
D. ferina and D. grisescens are the only spe-
cies of Dinera that occur sympatrically with 
D. carinifrons species complex in the western 
Palaearctic region. D. xuei, described from 
China, was regarded as being the most similar 
species to D. carinifrons and D. fuscata in 
morphology (Zhang and Shima 2006) and 
may thus represent a potential sister species to 
D. carinifrons and D. fuscata. One more spe-
cies, D. takanoi (Mesnil, 1957), was 
contributed from GenBank 
(www.ncbi.nlm.nih.gov/genbank) and includ-
ed in the phylogenetic analysis (the material 
of D. takanoi was not directly available for the 
morphometric analysis). Four outgroup taxa 
were added to root the resulting phylogenetic 
trees: Billaea triangulifera (Zetterstedt), (Dip-
tera: Tachinidae: Dexiinae) Dexia rustica 
(Fabricius), Dufouria chalybeata (Meigen) 
and Eriothrix rufomaculata (De Geer). 
 
Altogether 28 specimens were used for DNA 
sequencing and molecular phylogenetic anal-
yses. The same specimens were also measured 
and included in the morphometric analyses. 
Morphometric data were further recorded for 
numerous additional specimens available from 
collections. Altogether 126 specimens (75 
males, 51 females) were used for the mor-
phometric part of the study, including a part of 
the type series of D. carinifrons (Table 1). 
 
Gene sequences analyses 
Two mitochondrial markers, 12S and 16S 
rDNA, were analyzed (Table 2). The suitabil-
ity of a combination of these two gene 
markers for reconstruction of phylogeny has 
been shown in different insect groups, includ-
ing various families of Diptera (Flook and 
Rowell 1997; Skevington and Yeates 2000; 
Cook et al. 2004; Roháček et al. 2009). These 
markers have been also used with success for 
identification of cryptic females of the 
Tachinidae (Lutovinovas 2012). 
 
Nucleic acids were extracted from mostly dried 
adults using DNeasy Blood and Tissue Kit (Qi-
agen, www.qiagen.com) following the 
manufacturer’s protocol. Segments of the 12S 
and 16S rDNA were amplified using the pri-
mers 12Sma (5' 
CTGGGATTAGATACCCTGTTAT) and 
12Smb (5' 
CAGAGAGTGACGGGCGATTTGT) (Cook 
et al. 2004), and the modified primers mt32 (5' 
CAACATCGAGGTCGC) and mt34 (5' 
TTGACCGTGCAAAGGTAG) (Nirmala et al. 
2001). PCR products were visualized in 1% 
agarose gels, purified using the QIAquick PCR 
Purification Kit (Qiagen), and used directly for 
sequencing. The sequencing reactions were 
performed in a 10 µL reaction mixture using 
the Big Dye Terminator v. 3.1 chemistry (Ap-
plied Biosystems, Life Technologies, 
www.lifetechnologies.com). After the thermo-
cycling, the reactions were purified with 
XTerminator® before injection into the ABI 
3130 Genetic Analyzer (both from Applied 
Biosystems).  More detailed protocols for the 
PCR amplifications may be consulted in 
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Figure 1. Left side of the head of Dinera carinifrons with delim-
itation of the characters measured for the morphometric 
analyses (code numbers of characters corresponding to Table 
3). High quality figures are available online. 
 
 
 
 
 
 
 
 
 
Roháček et al. (2009). 
 
Sequences were manually processed, and con-
tigs were assembled using Sequencher v. 4.8 
(GeneCodes, www.genecodes.com). Datasets 
were first examined for base comparison bias 
in MEGA v. 5 (Tamura et al. 2011). The 
computing of pairwise-distances was per-
formed using PAUP* v. 4.0b10 (Swofford 
2002) with GTR model criterion for distance 
correction. 
 
To evaluate the best fit model for the Bayesi-
an inference and maximum likelihood 
analyses, the combined dataset was parti-
tioned into two gene regions (12S and 16S). 
Each of the partitions was evaluated in 
MrModeltest v. 2.2 (Nylander 2004) using both 
hierarchical likelihood ratio tests and Akaike 
information criterion. Bayesian inference was 
conducted on molecular dataset in MrBayes v. 
3.1 (Huelsenbeck and Ronquist 2001). The 
reliability of the resulting tree topology was 
determined by 2,000,000 generations. Maxi-
mum likelihood analysis was processed in 
Garli v. 2.0 (Zwickl 2006). Two independent 
runs of 5,000,000 generations using the de-
fault automated stopping criterion were 
carried out. Nodal support was assessed using 
a nonparametric bootstrap with 100 replicates. 
The resulting tree was edited in TreeView 
(Page 1996), and the layout was prepared us-
ing Adobe Photoshop 8.0 (www.adobe.com).  
 
Morphometric analyses 
In each specimen examined within the mor-
phometric part of the study, 19 characters 
were defined as different linear distances on 
the head and wing were measured. The tradi-
tional morphometric approach was chosen for 
its relative simplicity of recording the charac-
ters and, particularly, for a possibility to 
interpret and use the results of the analyses in 
a straightforward fashion, i.e., to use some 
selected characters or their combinations di-
rectly for diagnoses and identifications of 
taxa. Traditional morphometric characters in-
cluding absolute lengths and ratios are often 
applied in keys for Tachinidae (e.g., 
Tschorsnig and Herting 1994; Zhang and 
Shima 2006). This is particularly true for the 
characters on the head of Dinera species 
(Tschorsnig and Herting 1994; Ziegler and 
Lange 2001, 2007; Zhang and Shima 2006), 
while the wing venation characters are easy to 
measure and are often recorded in different 
taxonomic studies of Diptera (Houle et al. 
2003; Vaňhara et al. 2007; Muráriková et al. 
2011). Drawbacks of the traditional morpho-
metrics are frequently a high correlation of 
some measurements and limited information 
on shape of the analyzed structures/specimens 
(Zelditch et al. 2004). 
 
The list of the measured characters with their 
definitions is provided in Table 3; see also 
Figures 1–2 and Tschorsnig and Herting 
(1994). In all specimens under study, only the 
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Figure 2. Right wing of Dinera carinifrons with delimitation of 
the characters measured for the morphometric analyses (code 
numbers of characters corresponding to Table 3). High quality 
figures are available online. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
left side of the head (8 characters, focused in a 
plane perpendicular to exact lateral view) and 
the right wing (11 characters) were measured. 
Dry-mounted adult specimens were used, 
which were initially photographed using a ste-
reomicroscope Olympus SZX 12 
(www.olympus-global.com) with an attached 
Colour View IIIµ digital camera (one image 
for lateral view of head, one image for dorsal 
view of wing). The digitalized images were 
then scaled, and the characters were measured 
by means of the image analyzing software 
M.I.S QuickPhoto Micro (Promicra, 
www.promicra.com).  
 
To analyze the morphometric data, multivari-
ate statistical methods were used (Tabachnick 
and Fidell 2006), which are suitable to exam-
ine multidimensional patterns of variation 
among morphological groups and have been 
often applied in taxonomy (e.g., Sorensen and 
Foottit 1992; Bustamante et al. 2004; Lozier 
et al. 2008). First, principal components anal-
ysis (PCA) based on a correlation matrix was 
carried out on the data set to determine the 
main components of variation in the morpho-
metric data and to visualize the affinities 
among the examined specimens. This method 
does not assume any a priori grouping. Ca-
nonical discriminant analysis (CDA) was then 
used to test the differences among the groups 
(specified a priori) revealed by molecular 
methods/PCA and to determine those varia-
bles that contributed most to their separation. 
All statistical analyses were performed using 
Statistica v. 10 for Windows (Statsoft 2011). 
 
Results 
 
DNA sequences 
Sequence statistics. Partial sequences of the 
mitochondrial genes 12S and 16S rDNA with 
total lengths of 361 and 364 bp, respectively, 
were obtained. Within these 725 sites in the 
resulting combined alignment, 19 positions 
contained a gap in one or more taxa, and 559 
sites were constant (77.1 %). The alignment 
contained 99 parsimony-informative sites 
(13.7 %). The nucleotide composition of these 
genes showed a mean A+T content of 80.3% 
and 80.1% for the 12S and 16S, respectively. 
MrModeltest chose the model GTR + Г + I as 
favored for each of the individual gene regions. 
 
Molecular phylogeny. Both Bayesian infer-
ence and maximum likelihood analyses 
resulted in phylograms with the same topolo-
gy from the combined dataset of 12S and 16S 
rDNA (Figure 3; the maximum likelihood tree 
differred from the Bayesian inference tree on-
ly in showing no support for a clade of D. 
fuscata specimens A3+A4+A5 from Honshu, 
Japan). A close relationship of Billaea to Din-
era was confirmed. The D. carinifrons species 
complex was found to be monophyletic (pos-
terior probability = 1.00; maximum likelihood 
bootstrap value = 100) with D. carinifrons B 
forming a sister clade to a well-supported 
group including D. carinifrons A, D. fuscata 
A, and D. fuscata B. Neither D. fuscata A nor 
D. fuscata B alone were demonstrated to be 
monophyletic, but there was some support 
from the analysis (posterior probability = 
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Figure 3. Phylogenetic reconstruction (topology based on 
Bayesian inference) of the combined 12S+16S rDNA dataset, 
showing Bayesian influence posterior probabilities and maxi-
mum likelihood bootstrap values above the branches. High 
quality figures are available online. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Principal component ordination of male specimens 
of Dinera spp. onto the first and second principal axes. High 
quality figures are available online. 
 
 
 
 
 
 
 
 
 
 
 
 
0.78; maximum likelihood = 58) for the mon-
ophyly of the two forms of D. fuscata 
together. The specimens analyzed of D. feri-
na, D. xuei, D. carinifrons B, and D. 
carinifrons A represented a single haplotype 
for each taxon. The intra-group genetic diver-
gences within different samples of D. fuscata 
ranged from 0 to 0.58% for 12S rDNA and 
from 0 to 1.17% for 16S rDNA. The differ-
ences in the gene sequences between D. 
carinifrons A and different samples of D. fus-
cata were lower than 1% for 12S rDNA and 
lower than 1.6% for 16S rDNA. This was less 
than interspecific divergences between the 
other, mostly well-delimited Palaearctic Din-
era spp. included in the study (12S rDNA: 
minimum 1.43 % between D. carinifrons A 
and B, maximum 9.46% between D. 
grisescens and D. fuscata; 16S rDNA: mini-
mum 2.80% between D. carinifrons B and D. 
fuscata, maximum 11.92 % between D. 
grisescens and D. fuscata; Table 4). 
 
Morphometric data 
Summary statistics of the measured characters 
for the males and females of all examined 
Dinera spp. are given in Tables 5–6. In the 
first step, the entire morphometric data set, 
including all examined Dinera spp., was ana-
lyzed with PCA. Males and females were 
analyzed separately to exclude the effect of 
sexual dimorphism. The PCA revealed similar 
patterns for both sexes. The projection of male 
specimens on the first two principal compo-
nent axes is shown in Figure 4. Dinera ferina 
was largely separated from all other species 
along the first component axis, while D. ca-
rinifrons B occupied a space distinct from all 
other specimens, mainly along the second 
component axis. The distribution of D. ca-
rinifrons A, D. fuscata A and B, D. 
grisescens, and D. xuei partly overlapped in 
this projection. Dinera grisescens and D. xuei 
could be separated from D. carinifrons A and 
D. fuscata along the third component axis 
(Figure 5). The contributions of all measured 
characters to the components 1–3 (factor load-
ings) are given in Table 7. The first 
component was strongly correlated with most 
characters, suggesting that it represented 
mainly differences in general size. Specimens 
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Figure 5. Principal component ordination of male specimens 
of Dinera spp. onto the first and third principal axes. High quali-
ty figures are available online. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Principal component ordination of female specimens 
of Dinera spp. onto the first and second principal axes. High 
quality figures are available online. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Scatterplot of canonical scores of specimens of Din-
era carinifrons species complex (males and females) onto the 
first and second discriminant functions (canonical roots) result-
ing from canonical discriminant analysis. High quality figures are 
available online. 
 
 
 
 
 
 
 
 
 
of D. ferina were distinctly larger than all re-
maining species. The separation of D. 
carinifrons B from all other taxa was mainly 
due to a larger parafacial width, which was the 
only variable having a relatively high factor 
loading with this axis. The third component 
(accounting, however, for only 1.7 % of the 
variation in the whole dataset) was correlated 
mainly with the length of the costal section 5 
on the wing that was reduced in many speci-
mens of D. grisescens and D. xuei and 
developed in specimens of the D. carinifrons 
species complex. The analysis of females gave 
similar results (Figure 6, Table 7), particularly 
in the relative contributions of characters and 
the groups of D. ferina and D. carinifrons B 
specimens being distinct from the remaining 
taxa. The projections of D. carinifrons A, D. 
fuscata, and D. grisescens hardly overlapped, 
unlike in males (females of D. xuei were, 
however, not available for the study). 
 
In the next step, CDA was used to analyze the 
D. carinifrons species complex in detail. As it 
is generally recommended for CDA to have a 
relatively high number of cases (specimens) in 
individual tested groups, both sexes were ana-
lyzed together and D. fuscata A and B were 
treated as a single group. This was also partly 
supported by the results of the molecular phy-
logenetic analysis and PCA. Three groups 
were thus a priori defined for CDA: D. ca-
rinifrons A and B and D. fuscata. The 
scatterplot of canonical scores of D. carinif-
rons complex specimens resulting from CDA 
is shown in Figure 7. In the plane defined by 
the two discriminant functions (canonical 
roots), all three groups could be well-
separated. The first discriminant function 
mainly separated D. carinifrons B from both 
D. carinifrons A and D. fuscata, and partly 
also the two latter groups from each other. 
The character with the greatest discriminatory 
power was clearly the parafacial width, which 
was the most correlated measure with the first 
discriminant function (Table 8). The second 
discriminant function enabled a partial separa-
tion of D. carinifrons A from D. carinifrons B 
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and D. fuscata. The most correlated corre-
sponding characters were lengths of certain 
wing vein sections, particularly Cs4. Based on 
a relatively low eigenvalue of the second dis-
criminant function, the magnitude of the 
discrimination was, however, smaller (Table 
8). 
 
Discussion and Conclusions 
 
Phylogenetic relationships and delimitation 
of taxa 
The taxon sampling in this study limits con-
clusions on the monophyletic status of Dinera, 
which needs to be tested by inclusion of addi-
tional species from the genus as well as other 
closely related taxa. Further studies should 
concentrate on the delimitation of Dinera in 
respect to Billaea, as already pointed out by 
Zhang and Shima (2006) and Zhang and Fu 
(2012), and possibly also on other Dexiini 
taxa, especially on several Neotropical, 
Afrotropical, and Australian genera, which are 
currently poorly defined in respect to Dinera 
and Billaea. A broader taxon sampling that 
includes additional species of Dinera from 
eastern Palaearctic, Oriental, and Afrotropical 
Regions would also help to assess sister-group 
relationships within the genus. 
 
Molecular and morphometric data clearly 
supported the distinctiveness of specimens 
from the Alps, provisionally named as D. ca-
rinifrons B in this paper. This taxon was 
found to be monophyletic in the molecular 
analysis as a sister-group to D. carinifrons A 
and D. fuscata together. Morphologically, D. 
carinifrons B can be differentiated from D. 
carinifrons A and D. fuscata by a slightly 
larger general size, a dense microtrichosity, 
and different head proportions, such as a larg-
er parafacial width (0.43–0.59 mm in D. 
carinifrons B compared to 0.22–0.38 mm in 
D. carinifrons A and 0.19–0.42 mm in D. fus-
cata; see also Tables 5 and 6). The opinion of 
Ziegler and Lange (2001, 2007) that the D. 
carinifrons species complex includes two dif-
ferent species in Europe is thus supported. 
The other European taxon, D. carinifrons A, 
is very close to eastern Palaearctic specimens 
of D. fuscata both in terms of molecular se-
quences and morphometric data. The genetic 
pairwise distances between the corresponding 
samples were equal to or lower than 1% in the 
combined 12S and 16S rDNA data. Although 
interspecific genetic distances in mtDNA may 
be relatively low in some taxa of the Tachini-
dae, even between morphologically well-
diagnosable species, which may be due to a 
recent radiation of this group (Novotná et al. 
2009), these distances between D. carinifrons 
A and D. fuscata were lower compared to the 
interspecific distances between well-defined 
Dinera species examined here (Table 4). Eve-
ry individual morphometric character between 
D. carinifrons A and D. fuscata largely over-
lapped, although CDA was able to 
discriminate both groups of specimens based 
on their combination (Figure 7). A detailed 
morphological analysis of both groups further 
suggested a difference between western and 
eastern Palaearctic specimens in the relative 
length of the palpus, a character that was not 
included in the morphometric analysis as it 
was not possible to exactly measure it in all 
specimens examined (the palpus is frequently 
hidden in dry-mounted specimens). Further 
studies including additional material from 
over the distribution range and desirably also 
information on the biology and the hosts are 
needed to assess the taxonomic value of the 
molecular and morphometric differences be-
tween those western and eastern Palaearctic 
populations. The variation solely in the color 
of the palpus in the eastern Palaearctic D. fus-
cata specimens (corresponding to specimens 
denoted as D. fuscata A and B in this study) is 
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treated as intraspecific in concordance with 
Zhang and Shima (2006). 
 
Nomenclature and taxonomy 
The examination of the type series of Musca 
carinifrons Fallén deposited in 
Naturhistoriska Riksmuseet by J. Ziegler re-
vealed that it consisted of a mix of specimens 
that can be assigned to both D. carinifrons A 
and B. All four syntypes (two males, two fe-
males) of M. carinifrons that were included in 
the morphometric analyses in our study were 
convincingly classified by both PCA and 
CDA as belonging to the same group as D. 
carinifrons B (Figures 4–7; see also Tables 5 
and 6). According to Article 74 of ICZN 
(1999), we designate here one of these speci-
mens as the lectotype for M. carinifrons to 
stabilize the nomenclature in the group. The 
lectotype is deposited in Naturhistoriska 
Riksmuseet. It is a dry-mounted (pinned) male 
with an original label handwritten on white 
paper “M. cari- / nifrons ♂.” J. Ziegler added 
a further label printed on white paper, “Dinera 
♂ / carinifrons / (FALLÉN, 1817) / det. J. 
ZIEGLER 2012,” and a red label with the print-
ed data “LECTOTYPUS / Musca / carinifrons 
♂ / FALLÉN, 1817 / des. J. ZIEGLER, 2012.” 
The lectotype is well preserved. Only the left 
mid-leg and the left antenna are missing. 
 
A further syntype female with a white original 
label had the following handwritten data: “M. 
cari- / nifrons ♀.” One male and seven further 
females without labels were labelled as “Din-
era / carinifrons / (FALLÉN, 1817) / det. J. 
ZIEGLER 2012” (printed on white paper). An-
other one male and two females without labels 
were labelled as “Dinera / fuscata / ZHANG & 
SHIMA 2006 / det. J. ZIEGLER 2012.” All these 
former syntypes apart from the lectotype (two 
males, nine females) were labelled additional-
ly with red labels and the printed data 
“PARALECTOTYPUS / Musca / carinifrons / 
FALLÉN, 1817 / des. J. ZIEGLER, 2012.” 
 
A male of Dinera fuscata with an original la-
bel handwritten on pale green paper “M. 
autum- / nalis ♂/ mihi” and a female with an 
original label “98” have been excluded from 
the type series of M. carinifrons.  
 
The lectotype is thus considered to be conspe-
cific with D. carinifrons B in this study. This 
interpretation of D. carinifrons based on the 
present lectotype designation is in accordance 
with the interpretation of D. carinifrons by 
Zhang and Shima (2006). Most of the speci-
mens morphologically corresponding to D. 
carinifrons examined in this study were col-
lected by J. Ziegler in the Alps, but some 
specimens from older collections from Ger-
many, Scandinavia, Siberia, and the Russian 
Far East were also examined. This suggests 
that D. carinifrons, as redefined here, has a 
wider, transpalaearctic distribution that will be 
reviewed in detail in a separate paper. 
 
Pending a more detailed study in future, the 
western Palaearctic D. carinifrons A and east-
ern Palaearctic D. fuscata are interpreted here 
as geographical forms of one species, Dinera 
fuscata Zhang and Shima. We do not formally 
assign a name to the western Palaearctic form 
according to the ICZN here. 
 
The characters of the vittae on the scutum and 
the number of acrostichal setae mentioned as 
diagnostic characters between D. carinifrons 
and D. fuscata by Zhang and Shima (2006) 
are variable and not reliable for distinguishing 
the species. Based on our study and the pre-
sent lectotype designation, a revised 
differential diagnosis for D. carinifrons and 
D. fuscata is provided below that would re-
place the couplet no. 17 in the determination 
key to Palaearctic Dinera by Zhang and Shi-
ma (2006) as follows: 
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17. Larger, grey species; body length 6.5–10.8 
mm; abdomen with dense yellowish-grey 
(rarely bluish-grey) microtrichosity with only 
a light tessellate appearance, but when seen 
from a very low angle from behind the mi-
crotrichosity is dense and covers the whole of 
the abdominal tergites including abdominal 
dorsum. Male: Frons at its narrowest point 
0.26–0.42 times as wide as eye in dorsal view; 
parafacial wide, in profile at its narrowest 
point 0.5–0.8 times as wide as the horizontal 
width of eye; postabdomen elongated, syncer-
cus flat in lateral view, paramere slightly 
longer than basiphallus. Female: Frons at its 
narrowest point 1.05–1.35 times as wide as 
eye in dorsal view; medial (inner) vertical se-
tae about 0.75–0.95 of eye height. 
..................................... D. carinifrons (Fallén) 
 
- Smaller, dark species; body length 5.3–9.9 
mm; abdomen with a tessellate appearance, 
also when seen from a very low angle from 
behind, with sparse greyish-white microtri-
chosity laterally and dark brownish dorsally. 
Male: Frons at its narrowest point 0.15–0.30 
times as wide as eye in dorsal view; parafacial 
narrow, in profile at its narrowest point 0.35–
0.62 times as wide as the horizontal width of 
eye; postabdomen with a short syncercus, 
convex in lateral view, paramere slightly 
shorter than basiphallus. Female: Frons at its 
narrowest point 0.95–1.25 times as wide as 
eye in dorsal view; medial (inner) vertical se-
tae about 0.60–0.85 of eye height. 
……………….…. D. fuscata Zhang & Shima 
 
Acknowledgements 
 
We are obliged to M. Barták (Czech Universi-
ty of Life Sciences, Prague), C. Bergström 
(Uppsala), H. Shima (Kyushu University, Fu-
kuoka), and C.-T. Zhang (Shenyang Normal 
University, Shenyang), who kindly provided 
loans or gifts of material for our study. Our 
thanks are also extended to P. J. Chandler 
(Melksham) for linguistic cooperation, Dan-
iela M. Takiya (Universidade Federal do Rio 
de Janeiro, Brazil) and two anonymous re-
viewers for critical comments on an earlier 
version of the manuscript, which helped to 
improve its quality. The study was supported 
by the Research Fellowship of the Czech Sci-
ence Foundation (GAČR 526/09/H025) and 
the European Social Fund (CETPO project 
CZ.1.07/2.3.00/20.0166). The institutional 
support of the Department of Botany and Zo-
ology, Masaryk University, Brno, and 
financial support provided to the Moravian 
Museum, Brno, by the Ministry of Culture of 
the Czech Republic as part of its long-term 
conceptual development program for research 
institutions (ref. MK 000094862) are grateful-
ly acknowledged as well. 
 
References 
 
Arnaud PH. 1978. A host–parasite catalog of 
North American Tachinidae (Diptera). United 
States Department of Agriculture, Miscellane-
ous Publication 1319: 1–860. 
 
Belshaw R. 1993. Tachinid flies. Diptera: 
Tachinidae. In: Handbooks for the Identifica-
tion of British Insects. Royal Entomological 
Society of London. 
 
Bustamante DM, Monroy C, Menes M, Rodas 
A, Salazar-Schettino PM, Rojas G, Pinto N, 
Guhl F, Dujardin JP. 2004. Metric variation 
among geographic populations of the Chagas 
vector Triatoma dimidiata (Hemiptera: Redu-
viidae: Triatominae) and related species. 
Journal of Medical Entomology 41: 296–301. 
doi: 10.1603/0022-2585-41.3.296 
 
Cerretti P. 2010. I tachinidi della fauna italia-
na (Diptera Tachinidae), con chiave 
interattiva dei generi ovest-paleartici, volume 
 Journal of Insect Science: Vol. 13 | Article 139  Lutovinovas et al. 
Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 12 
 
 
I. Centro Nazionale Biodiversitá Forestale, 
Cierre Edizioni. 
 
Cook CE, Austin JJ, Disney HL. 2004. A mi-
tochondrial 12S and 16S rRNA phylogeny of 
critical genera of Phoridae (Diptera) and relat-
ed families of Aschiza. Zootaxa 593: 1–11. 
 
Coombs M, Sands DPA. 2000. Establishment 
in Australia of Trichopoda giacomellii 
(Blanchard) (Diptera: Tachinidae), a biologi-
cal control agent for Nezara viridula (L.) 
(Hemiptera: Pentatomidae). Australian Jour-
nal of Entomology 39: 219–222. doi: 
10.1046/j.1440-6055.2000.00172.x 
 
Crosskey RW. 1976. A taxonomic conspectus 
of the Tachinidae (Diptera) of the Oriental 
Region. Bulletin of the British Museum (Natu-
ral History), Entomology Supplement 26: 1–
357. 
 
Crosskey RW. 1980. Tachinidae. In: Crosskey 
RW, Editor. Catalogue of the Diptera of the 
Afrotropical Region. pp. 822-882. British Mu-
seum (Natural History). 
 
Fallén CF. 1817. Beskrifning öfver de i 
Sverige funna fluge arter, som kunna föras till 
slägtet Musca. Första afdelningen. Kongliga 
Svenska Vetenskaps-Akademeins Handlingar 
3(1816): 226–254. 
 
Flook PK, Rowell CH. 1997. The effective-
ness of mitochodrial rRNA sequences for the 
reconstruction of the phylogeny of an insect 
order (Orthoptera). Molecular Phylogenetics 
and Evolution 8: 177–192. 
doi:10.1006/mpev.1997.0425 
 
Frank JH, Walker TJ, Parkman JP 1996. The 
introduction, establishment, and spread of 
Ormia depleta in Florida. Biological Control 
6: 368–377. doi: 10.1006/bcon.1996.0047 
 
Grenier S. 1988. Applied biological control 
with Tachinid flies (Diptera, Tachinidae): A 
review. Anzeiger für Schädlingskunde, Pflan-
zenschutz, Umweltschutz 61(3): 49–56. doi: 
10.1007/BF01906254 
 
Herting B. 1960. Biologie der westpaläark-
tischen Raupenfliegen (Dipt., Tachinidae). 
Monografien zur angewandte Entomologie 
16: 1–166. 
 
Herting B. 1984. Catalogue of Palaearctic Ta-
chinidae (Diptera). Stuttgarter Beiträge zur 
Naturkunde, Serie A (Biologie) 383: 1–137. 
 
Houle D, Mezey J, Galpern P, Carter A. 2003. 
Automated measurement of Drosophila 
wings. BMC Evolutionary Biology 3: 1–13. 
doi:10.1186/1471-2148-3-25 
 
Huelsenbeck JP, Ronquist FR. 2001. 
MrBayes: Bayesian inference of phylogeny. 
Biometrics 17: 754–755. 
doi:10.1093/bioinformatics/17.8.754 
 
ICZN (International Commission on Zoologi-
cal Nomenclature). 1999. International Code 
of Zoological Nomenclature. Fourth Edition. 
The International Trust for Zoological No-
menclature c/o the Natural History Museum, 
London. 
 
Lozier JD, Foottit RG, Miller GL, Mills NJ, 
Roderick GK. 2008. Molecular and morpho-
logical evaluation of the aphid genus 
Hyalopterus Koch (Insecta: Hemiptera: 
Aphididae), with a description of a new spe-
cies. Zootaxa 1688: 1–19. 
 
Lutovinovas E. 2012. New country and host 
records for Lithuanian Tachinidae (Diptera). 
Entomologica Fennica 23: 231–238. 
 
 Journal of Insect Science: Vol. 13 | Article 139  Lutovinovas et al. 
Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 13 
 
 
Merz B, Haenni JP. 2000. Morphology and 
terminology of adult Diptera (other than ter-
minalia). In: Papp L, Darvas B, Editors. 
Contributions to a manual of Palaearctic Dip-
tera (with special reference to flies of 
economic importance). pp. 21–51. Science 
Herald Press. 
 
Muráriková N, Vaňhara J, Tóthová A, Havel 
J. 2011. Polyphasic approach applying artifi-
cial neural networks, molecular analysis and 
postabdomen morphology to West Palaearctic 
Tachina spp. (Diptera, Tachinidae). Bulletin 
of Entomological Research 101: 165–175. 
doi:10.1017/S0007485310000295 
 
Nirmala X, Hypša V, Žurovec M. 2001. Mo-
lecular phylogeny of Calyptratae (Diptera, 
Brachycera): the evolution of 18S and 16S 
ribosomal rDNAs in higher dipterans and their 
use in phylogenetic inference. Insect Molecu-
lar Biology 10: 475–485. doi:10.1046/j.0962-
1075.2001.00286.x 
 
Novotná H, Vaňhara J, Tóthová A, Muráriko-
vá N, Bejdák P, Rozkošný R. 2009. 
Identification and taxonomy of the West Pal-
aearctic species of Tachina Meigen 
(Tachinidae, Diptera) based on male termi-
nalia and molecular analyses. Entomologica 
Fennica 20: 139–169. 
 
Nylander JAA. 2004. MrModeltest v. 2.2. 
Evolutionary Biology Centre, Uppsala Uni-
versity, Sweden. Available online: 
http://www.abc.se/~nylander/  
 
O’Hara JE. 2012. World genera of the Tachin-
idae (Diptera) and their regional occurrence. 
Version 4.0. Available online: 
http://www.nadsdiptera.org/Tach/Genera/Gent
ach_ver7.pdf 
 
O’Hara JE, Wood DM. 2004. Catalogue of the 
Tachinidae (Diptera) of America north of 
Mexico. Memoirs on Entomology, Interna-
tional 18: 410. 
 
Page RD. 1996. TreeView: an application to 
display phylogenetic trees on personal com-
puters. Computer Applications in the 
Biosciences 12: 357–358. 
 
Pape T, Thompson FC, Editors 2013. Systema 
Dipterorum, Version 1.5. Available online: 
http://www.diptera.org/  
 
Robineau-Desvoidy JB. 1830. Essai sur les 
myodaires. Mémoires présentés par divers 
savants à l‘Académie Royale des Sciences de 
l‘Institut de France 2(2): 1–813. 
 
Roháček J, Tóthová A, Vaňhara J. 2009. Phy-
logeny and affiliation of European 
Anthomyzidae (Diptera) based on mitochon-
drial 12S and 16S rRNA. Zootaxa 2054: 49–
58. 
 
Schlick-Steiner BC, Steiner FM, Seifert B, 
Stauffer C, Christian E, Crozier RH. 2010. Inte-
grative taxonomy: a multisource approach to 
exploring biodiversity. Annual Review of Ento-
mology 55: 421–438. doi:10.1146/annurev-ento-
112408-085432 
 
Skevington JH, Yeates DK. 2000. Phylogeny 
of the Syrphoidea (Diptera) inferred from 
mtDNA sequences and morphology with par-
ticular reference to classification of the 
Pipunculidae (Diptera). Molecular Phyloge-
netics and Evolution 16: 212–224. 
doi:10.1006/mpev.2000.0787 
 
Smith R, Rassmann K, Davies H, King N, Edi-
tors. 2011. Why taxonomy matters. BioNET-
INTERNATIONAL. Available online: 
http://www.bionet-intl.org/why  
 Journal of Insect Science: Vol. 13 | Article 139  Lutovinovas et al. 
Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 14 
 
 
 
Sorensen JT, Foottit R. 1992. Ordination in the 
study of morphology, evolution and systematics 
of insects. Applications and quantitative genetic 
rationales. Elsevier. 
 
StatSoft, Inc. 2011. STATISTICA (data analysis 
software system), version 10. Available online: 
www.statsoft.com  
 
Stireman JO, O’Hara JE, Wood DM. 2006. 
Tachinidae: evolution, behavior, and ecology. 
Annual Review of Entomology 51: 525–555. 
doi: 10.1146/annurev.ento.51.110104.151133 
 
Swofford DL. 2002. PAUP* Phylogenetic 
Analysis Using Parsimony (* and other meth-
ods), Version 4 Beta 10. Sinauer Associates. 
 
Tabachnick BG, Fidell LS. 2007. Using Multi-
variate Statistics, 5th edition. Pearson. 
 
Tamura K, Peterson D, Peterson N, Stecher G, 
Nei M, Kumar S. 2011. MEGA5: Molecular 
Evolutionary Genetics Analysis using Maxi-
mum Likelihood, Evolutionary Distance, and 
Maximum Parsimony Methods. Molecular 
Biology and Evolution 28: 2731–2739. 
 
Tschorsnig H-P, Herting B. 1994. Die Raupen-
fliegen (Diptera: Tachinidae) Mitteleuropas: 
Bestimmungstabellen und Angaben zur Verbrei-
tung und Ökologie der einzelnen Arten. 
Stuttgarter Beiträge zur Naturkunde, Serie A 
(Biologie) 506: 1–170. 
 
Vaňhara J, Muráriková N, Malenovský I, Havel 
J 2007. Artificial neural networks for fly identi-
fication: A case study from the genera Tachina 
and Ectophasia (Diptera, Tachinidae). Biologia 
(Bratislava) 62: 462–469. doi: 10.2478/s11756-
007-0089-1 
 
Yeates DK, Seago A, Nelson L, Cameron SL, 
Joseph L, Trueman JWH. 2011. Integrative 
taxonomy, or iterative taxonomy? Systematic 
Entomology 36: 209–217. doi:10.1111/j.1365-
3113.2010.00558.x 
 
Zelditch ML, Swiderski DL, Sheets HD, Fink 
WL. 2004. Geometric morphometrics for bi-
ologists: a primer. Elsevier Academic Press. 
 
Zhang C-T, Fu C. 2012. Three new species of 
Dinera Robineau-Desvoidy from China (Dip-
tera: Tachinidae). Zootaxa 3275: 20–28. 
 
Zhang C-T, Shima H. 2006. A systematic 
study of the genus Dinera Robineau-Desvoidy 
from the Palaearctic and Oriental Regions 
(Diptera: Tachinidae). Zootaxa 1243: 1–60. 
 
Ziegler J, Lange C. 2001. Asselfliegen, 
Fleischfliegen und Raupenfliegen (Diptera: 
Rhinophoridae, Sarcophagidae, Tachinidae) 
aus Südtirol (Italien). Gredleriana 1: 133–
170. 
 
Ziegler J, Lange C. 2007. Raupenfliegen (Dip-
tera: Tachinidae) aus dem Nationalpark 
Stilfserjoch (Norditalien): Teil 2. Forest Ob-
server 2/3 (2006): 169–204. 
 
Zwickl DJ. 2006. Genetic algorithm ap-
proaches for the phylogenetic analysis of 
large biological sequence datasets under the 
maximum likelihood criterion. Ph.D. Thesis, 
The University of Texas, Austin. Available 
online: 
http://repositories.lib.utexas.edu/handle/2152/
2666 
 
 
 
 
 
 
 Journal of Insect Science: Vol. 13 | Article 139  Lutovinovas et al. 
Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 15 
 
 
Table 1. Material of Tachinidae examined in the molecular and morphometric analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BAR: Private collection of M. Barták, Prague, Czech Republic; BER: Private collection of C. Bergström, Uppsala, Sweden; 
BLKU: Biological Laboratory, Kyushu University, Fukuoka, Japan (H. Shima); LUT: Private collection of E. Lutovinovas, Vilnius, 
Lithuania; SMNH: Naturhistoriska Riksmuseet, Stockholm, Sweden (Y. Brodin); SYNU: Institute of Entomology, Shenyang 
Normal University, Shenyang, China (C.-T. Zhang); VAN: private collection of J. Vaňhara, Brno, Czech Republic; ZMHB: Mu-
seum für Naturkunde, Leibniz Institute for Research on Evolution and Biodiversity at the Humboldt University, Berlin, 
Germany (J. Ziegler). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
= 
 
Table 2. GenBank accession numbers for specimens in gene sequences analysis. 
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Table 3. List of the characters measured in the morphometric analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
= 
 
Table 4. Pairwise distances, converted into percents, between samples of the Palaearctic Dinera, obtained from the analysis 
of the mitochondrial rDNA (12S left, 16S right of the diagonal). 
 
 
 
 
 
 
 
 
 
 
gri = D. grisescens, tak = D. takanoi, fer = D. ferina, xuei = D. xuei, car A = D. carinifrons A, car B = D. carinifrons B, fus A = D. 
fuscata A, fus B = D. fuscata B. Code numbers of specimens correspond to Table 2 and Figure 3. All analyzed specimens of D. 
ferina, D. xuei, D. carinifrons B, and D. carinifrons A represented a single haplotype. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
= 
 
Table 5. Summary statistics for the morphometric characters measured in males of Dinera species/forms (mean ± standard 
deviation; minimum–maximum; all values in mm). 
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Table 6. Summary statistics for the morphometric characters measured in females of Dinera species/forms (mean ± stand-
ard deviation; minimum–maximum; all values in mm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
= 
 
Table 7. Correlations (factor loadings) of morphometric characters with principal component axes 1–3 in PCA of Dinera 
spp. (highest values in bold). 
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Table 8. Standardized canonical coefficients and correlations of characters with two discriminant functions (canonical 
roots) resulting from canonical discriminant analysis of Dinera carinifrons species complex (highest values in bold). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
= 
 
 
 
 
 
 
 
 
 
 
